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(54) Method for purifying an exhaust gas from a diesel engine 

(57) This invention provides a method, for purifying 
an exhaust gas from a diese! engine, which can reduce 
an emission quantity of particulates without lowering an 
HC oxidation capacity of a precious metal. 

This method comprises the steps of passing an 
exhaust gas through an exhaust gas passage of a cata- 
lyst supporting thereon a precious metal and a transi- 
tion metal oxide for purifying hydrocarbon components 
in the exhaust gas, causing the transition metal oxide to 
adsorb S0 3 formed from sulfur oxides in the exhaust 
gas by the operation of the precious metal, as a sulfate, 
and thermally decomposing the sulfate so adsorbed 
and emitting it as S0 2 - 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

This invention relates to a method of reducing the 
quantity of particulates contained in an exhaust gas 
from a diesel engine, and to a catalyst, as well as an 
exhaust gas purification apparatus, used for this w 
method. 

2. Description of the Related Art 

Detrimental substances in an exhaust gas from 15 
engines are mainly nitrogen oxides (NOJ, hydrocar- 
bons (HC), cartoon monoxide (CO) and particulates. 
Among them, the emission quantities of CO and HC are 
small in diesel engines because combustion is effected 
within an air-rich region, but the emission quantities of so 
NO x and particulates are great Therefore, the reduction 
of NO x and the particulates has been the problem with 
the diesel engines. 

To reduce the emission of the particulates, a 
method employing a diesel particulate filter using a trap 25 
has been known in the past. This diesel particulate filter 
is also called a "wall flow monolith" and has a structure 
wherein cells for allowing the passage of the exhaust 
gas are alternately packed so that the exhaust gas is fil- 
tered through the walls of the cells and the particulates 30 
are trapped on the walls. When the particulates so 
trapped are deposited on the walls, the pressure loss of 
the filter rises, and the filter no longer functions as the 
filter, and must be regenerated. To regenerate the filter, 
the particulates are burnt by heating with a heater, etc., 35 
but the filter is superheated due to the combustion of the 
particulates, and breakage occurs. 

A method using an open type SOF decomposition 
catalyst is known as a method which does not use the 
diesel particulate filter. Here, the term "SOF" is the 40 
abbreviation of Soluble Organic Fraction, which com- 
prises an unburnt fuel and a mist of a lubricating oil. A 
catalyst supporting thereon a precious metal such as 
platinum in the same way as a catalyst for gasoline 
engines is used for this SOF decomposition catalyst, 45 
and this catalyst oxidizes and decomposes the SOF in 
the diesel particulates together with CO and HC. 
Though this SOF decomposition catalyst cannot easily 
reduce the soot in the particulates, this soot can be 
reduced to a certain extent by improving the engine so 
combustion. Further, the SOF decomposition has the 
advantage that the regeneration apparatus described 
above is not necessary. 

When this SOF decomposition catalyst is used, 
however, sulfur oxide (S0 2 ) contained in the exhaust 55 
gas is oxidized by, and adsorbed to, active alumina as 
the catalyst metal used as a coat layer for supporting 
the catalyst, as S0 3 , and when the catalyst reaches a 
high temperature, the S0 3 so adsorbed is emitted. S0 3 


is a gas at a temperature of up to about 180°C, but as 
soon as it is emitted from a tail pipe into the atmos- 
phere, it absorbs nearby moisture and changes to a sul- 
furic acid mist This sulfuric acid mist is measured as a 
paniculate and eventually, the particulates cannot be 
reduced. When the exhaust gas is processed by using 
the oxidation catalyst as described above, the quantity 
of the particulates increases, on the contrary. 

To solve the problem described above, Japanese 
Unexamined Patent Publication (Kokai) No. 5-57191 
proposes a catalyst comprising an active alumina layer 
formed on a support substrate, a catalyst metal sup- 
ported on this active alumina layer, a coat layer formed 
on the surface of the active alumina layer and a metal 
oxide contained on the coat layer. According to this cat- 
alyst, S0 2 in the exhaust gas is adsorbed to, and 
absorbed by, the coat layer, and does not come into 
contact with the catalyst metal. Therefore, the formation 
of S0 3 is restricted and the emission quantity of the par- 
ticulates is restricted, as well. 

In this catalyst, however, S0 2 is continuously 
absorbed by the coat layer and sooner or later the coat 
layer cannot absorb any more S0 2 . In other words, 
there remains the problem that degradation of the cata- 
lyst performance is quick and the catalyst cannot be 
used for a long time. 

In a method for purifying an exhaust gas from a die- 
sel engine by treating SOF, etc., in the exhaust gas by 
using an oxidation catalyst, the present invention is 
directed to provide a method for purifying an exhaust 
gas, which method solves the problems described 
above, can keep the oxidation power of a catalyst at a 
high level and can restrict the formation of S0 3 which 
would otherwise result in the particulates. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention for 
solving the problem described above, there is provided 
a method for purifying an exhaust gas from a diesel 
engine, which comprises the steps of passing an 
exhaust gas, through an exhaust gas passage of a cat- 
alyst supporting thereon a precious metal and a transi- 
tion metal oxide for purifying hydrocarbons in the 
exhaust gas, causing the transition metal oxide to 
adsorb S0 3 , formed from a sulfur oxide in the exhaust 
gas by the operation of the precious metal as sulfate, 
and thermally decomposing the sulfate so adsorbed 
and emitting it as S0 2 - 

According to this method, S0 2 in the diesel exhaust 
gas is oxidized to S0 3 by the precious metal and the 
resulting S0 3 is adsorbed as the sulfate by the transition 
metal oxide. The sulfate so adsorbed is decomposed to 
S0 2 by the thermal decomposition and is emitted into 
the atmosphere. Therefore, the emission quantity of the 
sulfate can be reduced while keeping the HC oxidation 
power of the precious metal. The oxidation value of the 
transition metal changes when it adsorbs S0 3 as the 
sulfate but is regenerated to the transition metal of the 
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original valence after the thermal decomposition, and 
the catalyst can be used repeatedly. 

According to the second embodiment of the present 
invention, there is provided a catalyst wherein an alka- 
line metal is allowed to be co-present with the precious s 
metal and the transition metal oxide as the catalyst used 
for the method of the first embodiment. In this catalyst, 
the alkaline metal has high affinity with SO x and when 
this alkaline metal is allowed to be copresent, it prevents 
the resulting S0 3 from changing to the vapor phase and 10 
the trap effect of S0 3 can be improved. 

According to the third aspect of the present inven- 
tion, there is provided a catalyst containing a sulfide of 
a transition metal which is allowed to be copresent with 
the precious metal and the transition metal oxide 15 
described above as the catalyst used for the method of 
the first embodiment described above. Since the sulfide 
of the transition metal is co-present in this catalyst, the 
thermal decomposition temperature of the sulfate of the 
transition metal can be lowered. 20 

According to the fourth aspect of the present inven- 
tion, there is provided a catalyst containing at least one 
kind of element which donates an electron upon state 
change such that a transition metal having a high 
valence formed by the decomposition of the sulfate of 25 
the transition metal to the transition metal having the 
original valence, in co-presence with the precious metal 
and the transition metal, as the catalyst used for the 
method of the first aspect, in this catalyst, since at least 
one kind of element which donates an electron upon the 30 
change of state such that a transition metal having a 
high valence generated by the decomposition of the sul- 
fate of the transition metal to the transition metal having 
the original valence is co-present, the transition metal 
can be quickly regenerated, the state of adsorbing SO3 35 
can be secured, and catalyst efficiency can be 
improved. 

According to the fifth aspect of the present inven- 
tion, there is provided a catalyst using at least one of 
trtania and silica as a coat layer for supporting the metal 40 
as the catalyst used for the method of the first aspect. In 
this catalyst, both of titania and silica are the materials 
which do not adsorb SO x , and when the support is con- 
stituted by such materials not adsorbing SO x , adsorp- 
tion of SO3 and emission of S0 2 can be effected by only 45 
the transition metal without the influences of the sup- 
port, and SO x adsorbed by the support is not emitted as 
S0 3 . 

According to the sixth aspect of the present inven- 
tion, there is provided a catalyst using aluminate for the so 
coat layer for supporting the metal, as the catalyst used 
for the method of the first aspect. In this catalyst, alumi- 
nate is relatively unstable electronically, and the valence 
of M changes, so that adsorption and emission of oxy- 
gen are conducted. Accordingly, oxygen is exchanged ss 
between aluminate and the transition metal, the change 
of the valence of the transition metal becomes easy, the 
transition metal can be quickly regenerated, the state for 
adsorbing S0 3 can be secured, and catalyst efficiency 
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can be improved. 

According to the seventh aspect of the present 
invention, there is provided a catalyst supporting ther- 
eon the precious metal and the transition metal oxide in 
such a manner that the proportion of the transition metal 
oxide becomes higher from the upstream side to the 
downstream side of the exhaust gas passage, as the 
catalyst used for the method of the first aspect. In this 
catalyst, a greater quantity of the precious metal is dis- 
posed on the upstream side of the exhaust gas passage 
while a greater quantity of the transition metal oxide is 
disposed on the downstream side, so that SO3 formed 
by the precious metal can be adsorbed more efficiently 
without being emitted, and the discharge quantity of the 
particulates can be reduced. 

According to the eighth aspect of the present inven- 
tion, there is provided a catalyst wherein at least one of 
rhodium and palladium is disposed as the principal 
component of the precious metal on the upstream side 
of the exhaust gas passage, and the transition metal 
oxide is allowed to be co-present with these precious 
metals or with the precious metals on the downstream 
side, as the catalyst used for the method of the first 
aspect. In this catalyst, since rhodium and palladium 
have lower oxidation powers than platinum and they 
have a lower formation capacity for S0 3 . Since palla- 
dium or rhodium is disposed as the principal component 
on the downstream side of platinum having high oxida- 
tion power, the formation of more stable S0 3 due to the 
progress of the oxidation of S0 2 can be restricted, and 
adsorption efficiency to the transition metal oxide can 
be improved. 

According to the ninth aspect of the present inven- 
tion, there is provided an apparatus for purifying an 
exhaust gas from a diesel engine which comprises a 
catalyst supporting thereon a precious metal and a tran- 
sition metal oxide for purifying hydrocarbon components 
in an exhaust gas, and temperature elevation means for 
raising an exhaust gas temperature or a catalyst tem- 
perature to a temperature higher than a thermal decom- 
position temperature of a sulfate of the transition metal. 
In this apparatus for purifying an exhaust gas from the 
diesel engine, the temperature elevation means for pro- 
moting the thermal decomposition of the resulting sul- 
fate of the transition metal is disposed. Accordingly, the 
adsorbed S0 3 can be emitted at a desired timing as 

so 2 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view of a catalyst 
used in the method of the present invention; 
Fig. 2 is a schematic view showing the structure of 
an apparatus for purifying an exhaust gas accord- 
ing to the first embodiment of the present invention; 
Fig. 3 is a schematic view showing the structure of 
an apparatus for purifying an exhaust gas accord- 
ing to the second embodiment of the present inven- 
tion; and 
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Fig. 4 is a graph showing a particulate reducing 
effect by executing the method of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 5 
MENTS 

Fig. 1 shows the structure of the catalyst used for 
the method of the present invention. Reference numeral 

1 denotes a catalyst support. This support is the same 10 
as a catalyst support for an exhaust gas purification cat- 
alyst that has been used in the past for gasoline 
engines, and ceramics such as cordierite, a metallic 
monolithic support, a foam filter, a honeycomb filter, 
etc., are used for the support. Reference numeral 2 is 
denotes a coat layer for allowing the support 1 to sup- 
port the catalyst, and materials having porosity and a 
large surface area such as alumina, silica, titania, etc., 
are used for the coat layer. Fig. 1 is a schematic view 
and shows a flat surface as the surface of the coat layer 20 

2 for simplification. As a matter of fact, however, the coat 
layer has a large number of pores, and a precious metal 

3 and transition metal oxide 4 are supported on the sur- 
faces of these pores, ft is possible to use, as the pre- 
cious metal 3, those metals which contribute to the 25 
oxidation reaction of HC. CO and SOF and which have 
been used in the past, such as platinum, rhodium, palla- 
dium, etc., either alone or in combination. The support 
quantity of the precious metal is preferably about 0.05 to 
about 2g per liter of support. 30 

The present invention is characterized in that S0 3 
as the product of the oxidation of S0 2 in the exhaust gas 
by this precious metal 3 is adsorbed by the transition 
metal oxide 4 and is emitted as S0 2 by the subsequent 
thermal decomposition. In other words, S0 3 is 35 
adsorbed as a sulfate of the transition metal Me as 
expressed by the following reaction scheme: 

MeO + S0 3 -» MeS0 4 

40 

(where Me is a divalent transition metal). 

Therefore, various transition metals can be used so 
long as they can form the sulfates as the transition 
metal Preferred most among them is iron, because the 
thermal decomposition temperature of iron sulfate 45 
FeS0 4 formed by adsorbing SO3 is the lowest. 

Since the transition metal oxide has the function of 
adsorbing SO3 formed by the precious metal, it is dis- 
persed uniformly round the precious metal on the pore 
surface of the coat layer 2. The precious metal itself has so 
the important role of oxidizing HC, CO, etc., and it must 
not be covered with the transition metal. Generally, the 
support quantity of the transition metal oxide is about 30 
times the quantity of the precious metal. 

The catalyst used in the method of the present 55 
invention is produced by various ordinary methods. For 
example, the support 1 is immersed in a coating solu- 
tion containing alumina, etc.. pulled out to remove the 
excessive solution, dried and baked and the coat layer 2 


formed. Next, water-soluble precious metal and transi- 
tion metal salts are selected and are dissolved in water. 
The support 1 having the coat layer described above is 
then immersed in this solution, and is dried and baked 
to give the catalyst. 

The oxidation reaction of S0 2 by the precious metal 
is a vapor phase reaction, and the SO3 formed by this 
reaction is a gas. Therefore, it is difficult to get the tran- 
sition metal oxide adsorb to all the resulting S0 3 . In 
order to get the transition metal oxide to adsorb a 
greater quantity of S0 3 , it is preferred to cause an alka- 
line metal having high affinity with SO3 be copresent 
with the precious metal and the transition metal oxide. 
The term "alkaline metal" hereby means the alkali met- 
als, the alkaline earth metals and the rare earth metals. 

The thermal decomposition temperature of the sul- 
fates of the transition metal is generally about 550°C in 
the oxidizing atmosphere. The ordinary combustion 
temperature in the diesel engines is mainly within the 
range of 300 to 400°C, and the temperature of 550°C is 
the one that is attained under the driving state approxi- 
mate to the full combustion state. Accordingly, to effi- 
ciently heat-decompose the sulfate of the transition 
metal adsorbing S0 3 . it is preferred to lower its thermal 
decomposition temperature to the normal temperature 
range of the diesel engines. When a sulfide of the tran- 
sition metal is co-present, the thermal decomposition 
temperature of the transition metal can be lowered and 
the sulfates can be efficiently decomposed within the 
normal temperature range. The sulfates which are 
allowed to be co-present are preferably the sulfides of 
the same kind of the transition metal as that of the tran- 
sition metal oxide. When FeO is used as the transition 
metal oxide, for example the thermal decomposition 
temperature of this sulfate is about 600°C, but when iron 
sulfide FeS is co-present, the thermal decomposition 
temperature drops to about 400°C. 

The sulfate of the transition metal formed by 
adsorbing S0 3 emits S0 2 due to the thermal decompo- 
sition, and after the emission of S0 2 , the transition 
metal such as Fe attains the state of high oxidation 
value from Fe 2+ to Fe 3+ as expressed by the following 
reaction scheme: 

FeO + SO3 FeS0 4 Fe^ + S0 2 

It is therefore necessary to return Fe to the original 
atomic valence of Fe 2+ and to provide an electron. For 
this purpose, it is preferred that an element which gives 
the electron due to the state change, that is. an element 
having high standard formation free energy or low ioni- 
zation potential, is allowed to be copresent. Examples 
of such elements are Ag, Cu, Sn, K f Zn, Na, Mn, In. etc. 
In the case of Sn, for example, Sn and Sn 2+ change and 
emit the electron in accordance with the oxidation value 
of Fe, regenerate Fe to Fe 2+ , and secure the state which 
adsorbs S0 3 . 

When alumina is used as the coat layer for the cat- 
alyst metal support, alumina itself reacts with S0 2 , 


4 


BNSDOCID: <EP 0773056A1 J_> 


7 EP 0 773 056 A1 8 


forms alumina sulfate (A/ 2 (S0 4 ) 3 ) and emits S0 3 . 
Therefore, alumina reduces the effect ofadsorbing S0 3 
and emitting S0 2 by the transition metal oxide. For this 
reason, silica or titania which does not react S0 2 is pref- 
erably used for the coat layer because silica and titania 5 
cannot assume the form of the sulfate. 

Because alumina reacts with S0 2 , it is also pre- 
ferred to use an aluminate in place of alumina for the 
coat layer. The aluminate is the reaction product 
between alumina and oxides of the alkali metal, the 10 
alkaline earth metal, the transition metal or the rare 
earth element. Since aluminate does not react with 
S0 2 . it can prevent the problem described above and 
can exhibit the effect of the transition metal oxide. 

As described above, S0 2 in the exhaust gas is oxi- 15 
dized by the precious metal to SO3, and the present 
invention causes the transition metal oxide to adsorb 
this SO3 and to emit it as S0 2 . However, S0 3 formed 
near the exhaust gas outlet of the catalyst has little 
chance of coming into contact with the transition metal 20 
oxide and there is a high possibility that S0 3 is, as such, 
emitted. To prevent this problem, it is preferred to gener- 
ate S0 3 in the vicinity of the exhaust gas inlet of the cat- 
alyst and to increase the chance of the contact with the 
transition metal oxide during the passage through the 25 
catalyst This can be accomplished by disposing a gra- 
dient in the support quantities of the precious metal and 
the transition metal oxide from the upstream side to the 
downstream side of the exhaust gas passage of the cat- 
alyst. In other words, a greater quantity of the precious 30 
metal is supported on the upstream side of the catalyst 
so as to generate a greater quantity of S0 3 on the 
upstream side, and the quantity of the precious metal is 
progressively decreased toward the downstream side. 
To.process the resulting SO3, on the other hand, the 35 
quantity of the transition metal oxide is progressively 
increased toward the downstream side. In some cases, 
it is possible to employ a so-called two-color printing 
structure" wherein only the precious metal is disposed 
on the upstream side and only the transition metal oxide 40 
is disposed on the downstream side. 

As described above, the support quantity of the 
transition metal oxide is great on the downstream side 
of the catalyst while the support quantity of the precious 
metal is small or does not exist at all Therefore, the oxi- 45 
dation capacity of the exhaust gas drops on the down- 
stream side and the exhaust gas processing capacity is 
not sufficient in some cases. To cope with this problem, 
platinum is supported on the upstream side of the cata- 
lyst, and at least one of rhodium and palladium having a so 
low formation capacity of the sulfate but having the oxi- 
dation capacity as the principal component of the pre- 
cious metal is supported on the downstream side. In 
some cases, it is further possible to employ a so-called 
"three-color printing structure*' wherein platinum is sup- ss 
ported on the upstream side, rhodium or palladium, at 
the center and the transition metal oxide, on the down- 
stream side, as the principal components. 

The sulfate adsorbed to the transition metal oxide is 


thermally decomposed and is emitted as S0 2 , and this 
S0 2 can be emitted at a necessary timing by disposing 
catalyst temperature elevation means. The construction 
of a diesel engine exhaust gas purification apparatus 
equipped with such a temperature elevation means is 
shown in Fig. 2. In this drawing, reference numeral 5 
denotes a diesel engine, reference numeral 6 denotes 
an exhaust pipe, reference numeral 7 denotes a cata- 
lyst, reference numeral 8 denotes an exhaust tempera- 
ture sensor, reference numeral 9 denotes an intake 
throttle valve and reference numeral 10 denotes an 
EGR valve. The exhaust gas generated in the engine 5 
is sent to the catalyst 7 through the exhaust gas pipe 6. 
In the catalyst 7, the sulfur oxide in the exhaust gas is 
oxidized to S0 3 by the precious metal as described 
above, and this S0 3 reacts with the transition metal 
oxide and is adsorbed as the transition metal sulfate. If 
the temperature of the catalyst is high, the sulfate so 
adsorbed is thermally decomposed and is emitted as 
S0 2 . If the temperature is not high, the thermal decom- 
position does not proceed and the adsorption quantity 
increases until finally. S0 3 is not adsorbed and might be 
as such emitted. Therefore, it is preferred to promote 
the thermal decomposition by suitable heating and to 
emit S0 3 as S0 2 . Therefore, the fuel injection quantity 
in the engine is added up, and when the sum exceeds a 
predetermined value, the intake throttle valve 9 and the 
EGR valve 10 are controlled so as to raise the exhaust 
gas temperature. When the intake throttle valve 9 is 
contracted, for example, the diesel engine in which the 
air-fuel mixture is normally burnt in the over-lean state 
approaches the stoichiometric air-fuel mixture and the 
exhaust gas temperature rises. After the temperature is 
raised above the predetermined temperature while 
monitoring the output of the outgoing gas exhaust gas 
temperature sensor 8, the temperature is retained for a 
sufficient time so that the adsorbed S0 3 can be emitted 
as S0 2 . Thereafter, the operation is completed. 

Fig. 3 shows the construction of another exhaust 
gas purification apparatus for the diesel engine. In Fig. 
3, reference numerals 5 to 8 denote the engine, the 
exhaust pipe, the catalyst and the outgoing gas exhaust 
gas temperature sensor in the same way as in Fig. 2, 
respectively. Reference numeral 1 1 denotes a light oil 
addition device. In this apparatus, the fuel injection 
quantity in the engine is added up and when the sum 
exceeds a predetermined quantity, light oil is supplied 
from the light oil addition device 1 1 to the catalyst 7 and 
is burnt thereby raising the catalyst temperature. In this 
case, the addition of light oil not only raises the temper- 
ature but also supplies HC to the catalyst. Therefore, 
when iron is used as the transition metal, for example, 
Fe20 3 is converted to FeO by HC after emission of SC^, 
and adsorption of S0 3 becomes easier the next time. 

EXAMPLE 

Hereinafter, the particulate removing effect when 
the method and the catalyst of the present invention are 
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used will be explained. 
(1) Preparation of catalyst 


to said transition metal having an original valence, 
is allowed to be co-present with said precious metal 
and said transition metal oxide. 


A monolithic support made of cordierite and having 
a capacity of 1 7£ was immersed in a slurry consisting of 
silica, a binder sol and distilled water to form a silica 
coat layer. This coat layer was baked at 500°C for one 
hour, and 100g of gamma-alumina coat layer per liter of 
support capacity was formed. Next this support was 
immersed in a solution the concentration of which was 
adjusted so that l.5g of platinum and 0.3 mols of iron 
were supported per liter of support capacity. After the 
coat layer was dried, it was baked at 500° C for one hour 
to obtain a catalyst. 

(2) Test method 

The catalyst described above was fitted to the 
exhaust system of a diesel engine, and the emission 
quantity of SO x (S0 2 and S0 3 ) was measured. For 
comparison, the emission quantity of SO x was meas- 
ured by using a catalyst supporting only platinum. The 
result was shown in Fig. 4. When only platinum was 
used, almost all the SO x were S0 3 but when iron was 
co-present about 2/3 was S0 2 - 

Claims 

1 . A method for purifying an exhaust gas from a diesel 
engine comprising the steps of: 

passing an exhaust gas through an exhaust 
gas passage of a catalyst supporting thereon a 
precious metal and a transition metal oxide for 
purifying hydrocarbon components in said 
exhaust gas; 

causing said transition metal oxide to adsorb 
SO3 formed from sulfur oxides in said exhaust 
gas by the operation of said precious metal as 
sulfates; and 

thermally decomposing said sulfates so 
adsorbed and emitting them as S0 2 - 

2. A catalyst for use in said method of claim 1 , wherein 
an alkaline metal is allowed to be co-present, and is 
supported with said precious metal and said transi- 
tion metal oxide. 


5 5. A catalyst for use in said method of claim 1 , wherein 
at least one of trtania and silica is used for said coat 
layer for supporting a metal. 

6. A catalyst for use in said method of claim 1 , wherein 
10 aluminate is used for said coat layer for supporting 

a metal. 

7. A catalyst for use in said method of claim 1 , wherein 
said precious metal and said transition metal oxide 

75 are supported at such a support ratio on said 
exhaust gas passage that a proportion of said tran- 
sition metal oxide becomes higher from the 
upstream side to the downstream side of said pas- 
sage. 

20 

8. A catalyst for use in said method of claim 1 , wherein 
platinum is disposed on the upstream side on said 
exhaust gas passage, at least one kind of rhodium 
and palladium is disposed on the downstream side 

25 as a principal component, as said precious metal, 
and said transition metal oxide is allowed to be co- 
present with said precious metals or to be co- 
present with said precious metal on the down- 
stream side. 

30 

9. An apparatus for purifying an exhaust gas from a 
diesel engine comprising: 

a catalyst supporting thereon a precious metal 
35 and a transition metal oxide for purifying hydro- 

carbon components in an exhaust gas; and 
temperature elevation means for raising an 
exhaust gas temperature or a catalyst temper- 
ature to a temperature higher than a thermal 
40 decomposition temperature of a sulfate of said 

transition metal. 


45 


3. A catalyst for use in said method of claim 1 , wherein so 
a sulfide of a transition metal is allowed to be co- 
present, and is supported with said precious metal 
and said transition metal oxide. 


A catalyst for use in said method of claim 1 . wherein 55 
at least one kind of element which donates an elec- 
tron upon the change of the staie such that a tran- 
sition metal having high valence formed by the 
decomposition of the sulfate of said transition metal 
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